We use string theory constructions towards the generalisation of the supersymmetric standard model of strong and electroweak interactions. Properties of the models depend crucially on the location of fields in extradimensional compact space. This allows us to extract some generic lessons for the phenomenological properties of the low energy effective action. Within this scheme we present a compelling model based on local grand unification and mirage mediation of supersymmetry breakdown. We analyse the properties of the specific model towards its possible tests at the LHC and the complementarity to direct dark matter searches.
Introduction
There are many arguments for physics beyond the (3) × (2) × (1) standard model (SM) of strong and electroweak interaction. Unfortunately we have not seen any sign of it yet. One could hope that in the near future particle physics experiments at the LHC as well as direct (or indirect) searches for dark matter (DM) might reveal signs of physics beyond the standard model (BSM). We have to rely on theoretical prejudice in the discussion of BSM phenomena. In this paper we want to discuss the possible phenomenology of string motivated models. This is a so-called top-down approach to obtain a unified description of all interactions including gravity. It starts with a universal scheme where many things can come together: supersymmetry, extra dimensions, axions, grand unification additional singlets, additional (1) gauge bosons, and maybe much more. This is in contrast to bottom-up approaches that start with a very specific idea (e.g., supersymmetry) and work out the consequences within a minimal scheme (e.g., the minimal supersymmetric standard model (MSSM)). In the top-down approach we are not necessarily driven to such minimal schemes; the structure could be much richer.
String theories require = 10 (or = 11) space-time dimensions and supersymmetry for consistency. The connection to our world in = 4 requires the compactification of extra spatial dimensions and this leads to potentially many solutions: sometimes called the "String Landscape." While in = 10 the picture is simple, this is no longer true in = 4. This implies that many of the properties of the low energy effective action depend on details of the compactification scheme. This reduces the predictive power of string theory substantially. "String phenomenology" explores properties of the Landscape and tries to relate low energy phenomena with specific features of the fields in compactified extra dimensions. One looks for possibilities to incorporate particle physics models in a consistent way and tries to identify common properties of such models. A central aspect of string theory is supersymmetry. It is a necessity for the ultraviolet (UV) consistency of the theory. However, supersymmetry has to be partially broken in the process of compactification, but there remains the option of a = 1 supersymmetry down to energies as low as a TeV. This is the assumption we make in the present work. It requires new BSM physics that might be detected experimentally within the near future.
The paper will be structured as follows. In the next section we will discuss the motivation to consider supersymmetric extensions of the standard model from both the bottomup and the top-down perspective. In Section 3 we will then present string theory constructions and analyse possible lessons for SUSY model building. This will be followed by an analysis of the possible reach of experimental searches at 2 Advances in High Energy Physics the LHC given present results of the first LHC run. We will then present a specific string-inspired scenario in Section 5 and analyse its properties and possible signals for LHC as well as dark matter. We will, in particular, discuss the complementarity of collider searches and direct dark matter detection. If dark matter has its origin in supersymmetric particles we might be able to obtain an upper limit on the lightest supersymmetric particle and this might give us important hints for LHC searches. Section 6 will be devoted to conclusions and outlook.
The Quest for Supersymmetry
Supersymmetry is a necessary ingredient for any consistent string theory. However, it has to be broken in the process of compactification and a priori we do not know the breakdown scale. In models of particle physics we are confronted with the appearance of mass scales which are widely separated, as, for example, the Planck scale of 10
18 GeV and the weak scale in the TeV region. In usual quantum field theories these hierarchies of scales might be unstable because of the appearance of quantum corrections. In the standard model this concerns the stability of the mass of the fundamental scalar Higgs boson. A protection of the Higgs mass can be achieved within a supersymmetric scheme; the main motivation for supersymmetry [4, 5] is the stability of the weak scale: this mechanism requires new particles at the weak scale, partners of quarks, leptons, and gauge bosons that could be discovered at LHC. These new particles have influence on the evolution of the gauge coupling constants. Remarkably they lead to a situation that (within the MSSM) the gauge couplings of (3), (2) , and (1) meet at the grand unification scale of order of a few times 10 16 GeV; a second strong motivation for supersymmetry is gauge coupling unification: supersymmetric model requires special care with proton stability. A solution is the postulate of a new (discrete) symmetry, matter parity in the simplest case. Such a symmetry predicts the existence of a new stable particle and this is further motivation for SUSY as it provides dark matter candidates that seem to be required by astroparticle and cosmological observations. Good candidates are neutral, weakly interacting particles, known as WIMPs. They could be subject to detection at the LHC as well as dedicated dark matter search experiments.
A further attractive property of supersymmetry from the bottom-up approach is the fact that local (gauged) supersymmetry automatically includes gravitational interactions in the form of supergravity = gauged supersymmetry: from the topdown approach this is, of course, obvious as a cornerstone of the unification of all interactions in the framework of string theory. All these arguments make lower energy (TeV) scale supersymmetry a very attractive framework for physics beyond the standard model. In this paper we will therefore assume the presence of low energy supersymmetry.
String Model Building
To learn some lessons from string theory we need to proceed to explicit model building towards the MSSM and generalisations thereof. The properties of the low energy effective action depend strongly on the process of compactification. It is not enough to know the nature of the compact manifold but we also need to know the location of the various fields on this manifold. Some of the fields might reside in the full 6-dimensional manifold (called bulk fields) while others are localized on submanifolds (so-called brane fields). We thus need knowledge about the geography of fields in extra dimensions [6] . The localized fields might be subject to different amounts of symmetry both for gauge and supersymmetry. This leads to a scheme known as local grand unification that has enhanced grand unified gauge symmetry for certain brane fields.
While there have been many attempts to construct particle physics models from string theory [7, 8] only few of them are realistic and explicit enough to analyse the questions under consideration. We therefore will concentrate on a set of models based on the so-called MiniLandscape [9] [10] [11] [12] and its generalisations [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . These constructions are based on the heterotic 8 × 8 string compactified on 6-dimensional orbifolds: the so-called heterotic braneworld [24] . The (3) × (2) × (1) gauge group of the standard model is a subgroup of one of the 8 groups with a hidden intermediate (10) local GUT structure to admit 16-dimensional spinor representations for the families of quarks and leptons (along the rules of [25] ).
These models have the following space-time structure: bulk fields that live in the full 10 space-time dimensions (6 dimensions in compactified space), fixed tori (fields that live in 6-dimensional space-time, i.e., two dimensions in compact space), and fixed points in compact dimensions (fields live in 4-space-time dimensions). In heterotic string theory the gauge fields are bulk fields, while matter or Higgs fields can live either in the bulk, on fixed tori, or on fixed points. Localized fields can experience different amounts of gauge symmetry depending on which point or torus they are localized on (this is the concept of local grand unification (like (10) enhancement at some of the fixed points [11] )). The relative location of matter and Higgs fields is important for the properties of the low energy effective action as it determines size of couplings and mixings in the Yukawa sector.
With the large number of realistic MSSM and generalized MSSM candidates in the MiniLandscape we can now analyse the properties of the successful models. The models typically contain additional singlets and (1) gauge symmetries.
Lessons from the MiniLandscape.
There are some amazing universal properties. The first one concerns the Higgs fields: they are bulk fields, and this seems to be a generic property of the successful models. This implies that the Higgs bosons descend from gauge fields in higher dimensions and thus exhibit so-called gauge-Higgs unification. In fact, it is in general nontrivial to keep a massless Higgs pair , in the low energy theory as this pair is vector-like and could become heavy through a -term, in the superpotential. The MiniLandscape provides a solution to the -problem. The -term is forbidden by (approximate) discrete -symmetry [11, 26] , and the supersymmetric vacua are of Minkowski type. This is reminiscent of an earlier suggestion of Casas and Muñoz [27] . A -term can be generated with broken supersymmetry and its size is therefore related to soft SUSY breaking parameters. The -symmetry treats bosons and fermions differently. It descends from the Lorentz groups (6) (subgroup of (9, 1)) of compactified space. This is the reason why the light Higgs fields have to live in the bulk. These -symmetries have to be studied in detail to understand the size of the -term also in relation to the gravitino mass [28, 29] .
Let us now turn to quarks and leptons. The top-quark is special as it has a mass comparable to the gauge bosons and thus a Yukawa coupling of order of the gauge coupling: so-called gauge-top unification. In the models of the MiniLandscape the top-quark has (in contrast to most of the other quarks and leptons) a nontrivial trilinear (tree level) coupling to the Higgs field. This gives us the second amazing property of the MiniLandscape. The top-quark is a bulk field as well! It is the large spatial overlap with the Higgs field that provides the large top-quark Yukawa coupling. The location of the other fields of the third family is rather model dependent. In most cases none of the additional fields has trilinear Yukawa couplings.
In contrast to the third family, the first two families live at fixed points. At these special points one typically has enhanced gauge and discrete symmetries. In the models discussed here we find a discrete 4 family symmetry [11] (a discrete subgroup of an (2) flavour symmetry [30] ). This alleviates possible problems with flavour changing neutral currents. The first two families are (in models of the MiniLandscape) subject to an (10) local subgroup enhancement (at leading order) at the representative fixed point. We thus see that all the important aspects of particle physics find a convincing geometrical and geographical explanation within the framework of the heterotic MiniLandscape. Basic ingredients are the gauge symmetry structure and the action of discrete symmetries [31] , as the -symmetry in the Higgs sector and the 4 flavour symmetry. So far our discussion on the structure of supersymmetric models. The models contain possibly additional singlets and (1) gauge symmetries. The lessons described here are important hints for model building and should therefore be incorporated in bottom-up schemes as well.
Pattern of Supersymmetry Breakdown.
In absence of a convincing alternative one would suggest some kind of gravity (modulus) mediation in the framework of string theory. Analysis of moduli stabilization and SUSY breakdown in type II [32] [33] [34] and heterotic theory [35] reveal the important fact that the strength of gravity mediation might even be reduced. Radiative corrections could then become important, leading to contributions that are reminiscent of anomaly mediation. Quite generically this leads to a scheme of so-called mirage mediation, a scheme of mixed modulus (gravity) mediation and anomaly mediation. Contributions of modulus mediation are typically suppressed by a factor log( Planck / 3/2 ) where 3/2 denotes the gravitino mass. Radiative contributions become competitive leading to the specific pattern of mirage mediation as explained in detail in [33] . This, in particular, leads to a rather interesting pattern of gaugino masses [36] .
Geographical properties of fields in compactified space are important for the discussion of SUSY breakdown as well. In = 4 space-time dimensions we obtain = 1 supersymmetry through the process of compactification. Various subsectors, however, might experience a higher degree of supersymmetry. Bulk fields, for example, live on the six-dimensional torus (underlying the (flat) orbifold). Torus compactification would lead to = 4 extended supersymmetry in = 4. The suppression of the contribution of modulus mediation for bulk fields as described above could be attributed to the presence of this extended supersymmetry (at leading order). Fields on a fixed torus might experience an approximate = 2 supersymmetry while fields at fixed points feel only = 1 at leading order. Therefore the SUSYprotection depends on the location of the fields. We would thus expect a hierarchy of soft mass terms. They would be large for the masses of the first two generations and relatively suppressed for fields of the third generation as well as the gauginos. Less is known concerning the discussion of the -term as this is allowed by supersymmetry. Of course, we have a protection with an -symmetry at the level of the soft SUSY breaking terms [11, 26] , but generically we do not know whether this corresponds to the values of the gaugino masses or the (larger) masses of the scalars of the first two generations. As determines the mass of the higgsinos (a potential dark matter candidate) it is important to spend more efforts on that issue (see, e.g., [29] ). Apart from theterm we have, however, a pretty convincing pattern of SUSY breakdown relevant for the phenomenological properties of the models to confront LHC data. It should be stressed that these discussions took place before LHC came into operation and have not been influenced by LHC results. Of course, now we have to analyse whether the scheme is compatible with the experimental results and find out what we can learn from there. We are still in the dark and need some hints from experiment.
Experimental Situation after the First LHC Run
Unfortunately there is no sign for either supersymmetry or any physics beyond the standard model. Still we have some results from LHC searches that have to be taken into account. The Higgs boson has been found with a mass of 125 GeV [37, 38] . This is compatible with the MSSM but rather close to the upper limit of, let us say, 130 A second argument is the question of gauge coupling unification present in the MSSM but absent in the SM. This requires new states and we will discuss this issue later in detail. So there remains, as third argument, the solution of the dark matter problem via a SUSY-WIMP. If we consider a WIMP with standard thermal abundance we should be able to get an upper limit on the mass of such a particle. There remains the question of whether the LHC will cover the full range of these possibilities. In that sense there is hope that searches at the next LHC run as well as direct and indirect detection experiments for dark matter might cover the full range of these possibilities (including precision experiments of phenomena like −2, flavour violations, or precision Higgs physics).
Still, the absence of any experimental signal for physics beyond the standard model restricts the parameter space of supersymmetric models considerably. Naive expectations for large missing energy signals have not been seen yet. Simple models are not ruled out at the cost of shifting the SUSY masses (e.g., the gluino mass) to rather high values beyond a TeV. Further restrictions arise when one considers the energy content of the universe. Many models lead to an overabundance of WIMP (e.g., bino) dark matter and need modifications. So we are stuck with our theoretical ideas. We urgently need further impact from experiment. Let us hope that the next run of the LHC provides information of physics beyond the standard model. Still there remains the question of whether LHC has the energy reach to discover supersymmetry. We have to wait and see. Meanwhile we have to work out specific examples in detail that might be testable with the next run.
A Representative Scheme
It is impossible to make general predictions based on TeVscale supersymmetry. Let us therefore discuss a specific example which is motivated from the string-inspired discussion presented earlier. Even there we need to make some more assumptions to narrow down the various possibilities.
We make three explicit assumptions:
(i) We assume a supersymmetric model with new particles connected to the weak scale.
(ii) Dark matter should be given by a supersymmetric WIMP (as, e.g., a neutralino). This might lead to an upper limit on the mass of some of the SUSY particles if we require the correct dark matter abundance.
(iii) We assume (precision) gauge coupling unification. Again this might require new states beyond the standard model within the energy reach of LHC.
We should stress that these are ad hoc assumptions which are not necessarily predicted from the general theoretical perspective, but they seem to be a reasonable starting point to analyse the properties of these string-inspired models.
The SUSY Mass
Scale. The assumption made above can tell us indirectly something about the mass scale of supersymmetric particles [39] . This is pretty obvious for the SUSY-WIMP-interpretation of dark matter which we discuss later in detail. But it is also true for the assumption of grand unification. Within our scheme, SUSY partners of standard model particles (in the TeV range) have to provide the necessary thresholds. Let us parametrize the SUSY scale by a single effective mass scale SUSY . The threshold for the evolution of the gauge coupling constants is then given by
where SM ( MSSM ) stand for the beta function coefficients of the (supersymmetric) standard model. If all supersymmetric partners have a common mass , then SUSY = . We define GUT as the scale where the coupling constants 1 and 2 meet. The precision of gauge coupling unification can then be parametrized by
The value of 3 as a function of SUSY is shown in Figure 1 . It shows that precision unification gives a SUSY scale of 2-3 TeV. This appears to be rather large, given the energy reach of LHC. Of course, there might be other thresholds at higher mass scales that might modify this result to lower values of SUSY , but there is no a priori reason to assume this. Does this mean that all SUSY partners have to be above this scale? (Un)fortunately not. Different particles affect the evolution of coupling constants differently and we have to compute the effective scale SUSY explicitly for a given model. Let us assume that squark and slepton masses for a given family are universal (in complete grand unified multiplets). Only "split" multiplets have a nontrivial effect and we obtain for the effective scale [ 
with̃,̃,h, and as the mass for the gluino, wino, higgsino, and heavy Higgs, respectively. From this formula we see that we cannot deduce an upper limit for the mass of the lightest supersymmetric partner. Increasing the mass of the gluino leads to a smaller value of SUSY . On the other hand we also see that a large value of SUSY might still be compatible with rather small masses of some supersymmetric particles in the few-hundred GeV range.
Mirage Mediation.
Explicit discussion of supersymmetry breakdown in type IIB and heterotic string theory have revealed a specific scheme known as mirage mediation [41] . It is a combination of modulus mediation and anomaly mediation. The scheme is explained in detail, for example, in [33, 42] . The contribution of modulus mediation is suppressed by a factor log( / 3/2 ) ∼ 4 2 so that radiative corrections become competitive. One of the specific properties of the scheme is a compressed spectrum of gaugino masses [36] . This has several important consequences:
(i) Gluinos produced at LHC will predominantly decay in neutralinos with a missing energy signal. This signal will be suppressed when the mass splitting of the gauginos is small. LHC search for missing energy will thus be less efficient than previously expected.
(ii) The usual fine-tuning problem of the weak scale is suppressed (compared to other scenarios) because the gluino mass is suppressed with respect to other neutralinos [43] .
(iii) It allows the implementation of precision gauge unification in a natural way [39] .
(iv) With an ultracompressed spectrum of (nearly degenerate) gauginos potential problems of the thermal relic abundance can be solved via coannihilations [39] .
Mirage mediation leads to a specific spectrum: scalar partners of quarks and leptons with masses of order 3/2 in the multi-TeV range, -parameters, gaugino, and Higgsino masses in the TeV range and a compressed gaugino spectrum. These properties and the influence of precision gauge unification (PGU) have been discussed explicitly in [39] where we constructed a large sample of models and compared it to results of LHC search. We recall some of the results here and discuss the question of dark matter candidates in more detail. We define the gaugino masses as
such that parametrizes the contribution from modulus mediation. This leads to
Pure modulus mediation would lead to 1 : 2 : 3 = 1 : 2 : 6 at a low scale. To reach an effective SUSY scale SUSY ≈ 2 TeV would then lead to a higgsino mass
and thus a large value for ∼h. This requires a large amount of fine-tuning to obtain a low value of the mass of the Higgs boson. The large value of can be directly understood from formula (3) . If the mass of the gluino is much larger than the mass of the wino, this discrepancy has to be compensated by a large value ofh. In the case of mirage mediation with a compressed spectrum the situation is quite different. The contributions from gluino and wino essentially cancel in formula (3) and gauge unification requires a smaller value of the higgsino mass and thus . This is nicely illustrated in Figure 2 . The two green regions are consistent with the requirement of (precision) gauge coupling unification. In the upper region (larger ) the bino is the lightest SUSY particle 6 Advances in High Energy Physics (LSP), whereas in the lower one we predominantly have a wino WIMP. The red region has a gluino LSP and is therefore disfavoured. We see from Figure 2 that a SUSY scale SUSY ≈ 2 TeV can be obtained with a -parameter in the TeV range. Thus the fine-tuning of the weak scale is less severe than in the case of uncompressed gaugino mass spectra.
Constraints from LHC.
To confront the scheme with present LHC results we have generated a large data sample of models within the favoured regions of Figure 2 . Details are explained in [39] . As input we have chosen parameters randomly in the intervals 
The ranges of and 3/2 are correlated and yield a gravity mediated contribution to the gauging masses of 0.25-1.25 TeV. A scatter plot with successful gauge unification models in the gluino and LSP mass plane is shown in Figure 3 . The grey dots represent the individual models. To guide the eye we have included representative limits on the gluino mass from LHC searches by ATLAS [1] and CMS [2] . Both limits are not strictly applicable at this point and should be replaced by results of dedicated searches for the models under consideration. More than 90% of the benchmark points fulfil 1 > 0.5̃. The strong compression of gaugino masses makes it more difficult to detect the gluino here than in ordinary SUSY schemes as, for example, the CMSSM. Still with the next run of the LHC it should be possible to cover the full range of small gluino masses up to "kinematic limit," depending on beam energy and collected luminosity [44] .
Constraints from Dark Matter Relic Abundance.
More constraints on the models could come from the requirement of the correct thermal relic abundance of the LSP as a candidate for dark matter. Prime contenders are the wino, the bino, and the higgsino. Due to its small annihilation cross section, the bino density from thermal production typically exceeds the observed dark matter density by far. Higgsinos, on the other hand, undergo efficient annihilations into gauge bosons or third-generation quarks, and coannihilations with the charged higgsino further enhance their cross section. Thus, the relic density of the higgsino LSP might typically be below the required dark matter density. In mirage mediation, the gaugino masses, while nonuniversal at the large scale, lead to a highly compressed spectrum at the weak scale as a consequence of the requirement of gauge coupling unification. This nearly degenerate spectrum enhances the possibility for coannihilation favourable to reduce the bino mass density in this mixed scheme. Figure 4 illustrates possible restrictions from the correct relic density. For a given value of the gravitino mass (here 50 TeV) the constraint is fulfilled in the blue region. We can identify two specific cases: higgsino dark matter (vertical strip) with ∼ 1 TeV and a coannihilation strip (horizontal) for a fixed gluino mass (which, however, varies with the gravitino mass). The consequences of this constraint on our model sample are shown in Figure 5 . Grey dots do not give the correct relic abundance, black dots refer to the bino coannihilation strip, and the purple ones refer to a higgsino LSP. There are, in addition, a few dots (in orange) corresponding to a wino LSP (in case that mirage mediation is dominated by the anomaly contribution corresponding to the lower green region in Figure 2 ). Most of the favoured models should be within the range of the next LHC run. Particularly the black dots in the coannihilation strip should be testable in the near future, while higgsino and wino LSPs might be out of reach in some of the cases.
Complementarity of Searches.
Fortunately there are other observations that can help in clarifying the situation: experiments for direct dark matter detection. WIMP candidates can be found through their interaction with nucleons. The cross sections of binos, winos, and higgsinos differ quite significantly. In the scheme discussed here, the cross section of the lightest neutralino with nucleons is dominated by the exchange of the light Higgs boson (as the other scalars are in the multi-TeV range). The coupling of the LSP to the Higgs boson is proportional to the gaugino-higgsino mixing angle; it vanishes in the limit of a pure state. The neutralinoproton cross section for our benchmark points is shown in Figure 6 . We find a cross section between 10 −43 cm 2 and 10 −48 cm 2 . Direct detection experiments as, for example, LUX [3] have just started to probe this regime of cross sections. Experiments of the next generation should be able to test a significant fraction of the benchmark points.
For the specific scheme under consideration we observe a complementarily of direct searches for dark matter with those of the LHC. This is (also in more general cases [45] ) a rather fortunate situation. The black dots ((mixed) bino LSP (when we denote the states by wino, bino, and higgsino LSP Figure 6 : Neutralino-proton cross section for the benchmark points with successful gauge coupling unification. The colour coding is the same as in Figure 5 . Models denoted by grey dots do not give the correct relic abundance for dark matter. Black, purple, and orange dots correspond to WIMP candidates that are predominantly bino, higgsino, or wino. The current limit from the LUX direct dark matter search [3] is also shown. The latter is valid if the lightest neutralino accounts for all dark matter in the universe.
we identify the dominant component, as the candidates that satisfy the constraints are usually mixed states)) are difficult to detect directly, but according to Figure 5 they might be within the reach of the upcoming run of the LHC. On the other hand, the wino and higgsino WIMP candidates are easier to see in direct detection experiments. If we look at Figure 6 , we observe that many of the purple and orange dots are already ruled out. So this region of the parameter space that is possibly beyond the reach of LHC can be tested by direct dark matter detection experiments. In that sense it is likely that our benchmark scheme can be tested within the not so distant future.
Conclusions
As we have seen it is a long way from string theory via supersymmetric extensions of the standard model to LHC physics. To test these ideas we need consistent string theory constructions that allow explicit determination of spectrum and interactions to be confronted with the data. At this point only the models of the heterotic MiniLandscape satisfy both criteria. Given these models we can try to extract some generic properties from the successful supersymmetric candidate models. The origin of these lessons comes from the geographic localization of fields in compactified extradimensional space. A coherent picture emerges; Higgs and top multiplets live in the bulk. This provides a solution to theproblem with an -symmetry as well as a large value for the Yukawa coupling of the top-quark (to be consistent with socalled gauge-Yukawa unification). The multiplets of the first 8 Advances in High Energy Physics two families are located at fixed points in extradimensional space. They enjoy enhanced gauge and discrete symmetries that alleviate the flavour problem. A slight breakdown of these symmetries provides a small parameter (originated from a Fayet-Iliopoulos term) that could explain the hierarchies of quark and lepton masses as well as the -parameter. We expect these properties (derived from the heterotic string theory) to be of more general validity and should also manifest themselves in constructions based on type I, type II, M-, or F-theory. In the discussion of SUSY breakdown we can identify a rather generic scheme: mirage mediation. It has been found in both type IIB and heterotic theory and is a consequence of the mechanism to obtain a small value of the vacuum energy (compared to the scale of the gravitino mass). The scheme is characterized by two scales for the soft terms separated by a factor log( Planck / 3/2 ). Gaugino masses and -parameters tend to be at the TeV scale, while gravitino mass and scalar masses are generically at a higher scale. A second characteristic property of the mirage scheme is the possibility of a compressed spectrum of the gaugino masses. It leads to hidden SUSY at the LHC and allows for the correct thermal relic density of the LSP dark matter candidate. Within this scheme we could identify another important result concerning scalar masses, determined by the localization properties of the corresponding fields with a potential protection through extended supersymmetry. Localized fields as, for example, the scalar partners of quarks and leptons of the first two families only feel = 1 SUSY and would be as heavy as the gravitino. Fields at fixed tori or the bulk feel a hidden = 2 or = 4 SUSY and have suppressed masses comparable to those of the gaugino masses. It is this interplay of symmetries that leads to very specific properties of the spectrum of superpartners. The scheme is still consistent with all known experimental data. A large part of the parameter space is within the kinematical reach of the LHC at 13 TeV. This is partially due to the fact that those models that are beyond the reach of the LHC might be ruled out through direct dark matter detection experiments. The next run of the LHC will hopefully be able to test these ideas. Independent of the discussion here, it is obvious that we urgently need new experimental data to clarify the nature of potential physics beyond the standard model. Theoretically we have tried all we could do. There are many well-motivated models that have been analysed, but there are no real predictions. We need help from experimental data.
